Abstract-This study analyzed the interactive behaviours among students in online course forum. The subject of this study was 30 students who participated in a course. The course was delivered in a mixed mode which contained online mode and face-to-face mode. The whole semester was divided into three six-week periods which represented the earlier stage, the mid stage and the late stage of the semester. The online relation networks were respectively reconstructed among the participants according to the interactive behaviours in the forum by Social Network Analysis method. The relation networks among the students in the course forum were high-density networks. The students in these networks got in touch with most active participants and information could be shared among most participants. The important indicators such as "density", "mean distance" and "reciprocity" in the three periods of the semester were calculated. The results showed that the characteristics of the relation networks generated in the three periods differed. Finally, some suggestions were propsed for teacher, limitations and further research plans were proposed.
I. INTRODUCTION
In the online learning environments teachers usually focus on every student's behavior and final product while the interactive behaviours among students in the course are often ignored. Taking into account the communications and relationships between students could be helpful to teachers. With the development of computer technology, the data which can represent the online communications between students can be collected. Researchers can apply the learning analytic technology to analyze the collected data. The study focused on the communications among students. Studying the student-student communications can be useful for students to manage their work. Moreover, the analyzing results can be useful for teachers to help the students complete their work better. In this paper we present the study on the interactive online communications among the students in the Cloud Classroom course forum during an 18-week course. The remainder of this paper is organized as follows.
In Sec. II, background literatures are reviewed. In Sec. III, the proposed method is presented in detail. The results are shown in Sec. IV. Finally, this paper ends with the conclusion and future work.
II. BACKGROUND LITERATURE
With the development of the online learning environment teachers prefer to construct online collaborative learning in order to enhance the classroom learning [1] , [2] . The Social Network Analysis (SNA) method is widely applied in the education field by researchers to study collaborative relationships between learners [3] . The social network consists of nodes and links. The nodes represent social units in the social network such as individuals. And the links represents relationships between social units. The structure and dynamics of the social network can be analyzed by using SNA method [3] . The structure of the social network can be modeled and visualized in the form of graphs by the SNA method. Moreover, the characteristics of the social network can be described by the parameters of the SNA method. There are five main parameters in the SNA method: cohesion, centrality, role-groups, ranges of influence and brokerage [4] . The individual influence scope and socialized relationships among individuals in the network can be described by "cohesion" [5] . The importance of one individual to other individuals in the network is described by "centrality" [6] - [8] . The individuals in the social network consist of core members and peripheral members [9] . The centrality degrees of the core members are high while the centrality degrees of the peripheral members are low. Core members are often more active and more influential than the peripheral members. Hence the core members are more efficient for spreading information. Scholars constructed a three-dimensional analytical model to study the structural characteristics of cooperative networks [6] . Scholars also used SNA method to analyze the individuals' interactive behaviours and discuss the causes of some phenomenon [10] . Researches reveal that understanding of collaborative relationships and information flow should be deepened to strengthen deep communications of individuals in the social network.
III. RESEARCH METHODS

A. Participants and Procedure
This study collected the data from the online Cloud Classroom course forum. Then a network of students' communications in the forums was constructed. The interactive communication network, involving 30 students, evolved over one semester. The semester consisted of 18 semester-weeks. The course, entitled Object-Oriented Programming, was delivered in mixed mode which contained online mode and face-to-face mode. In each semester-week students were expected to attend one 1.5h lecture and one 1.5 online learning classroom. The course was maintained by cloud platform which was a web-based tool for course management and was used by the University for delivering courses through online mode. The online course forum was shown in Fig. 1 . The course forum on the Cloud Classroom Platform was divided into four levels. The four levels were blocks, threads, posts and comments. The discussions on the forum were divided into several blocks according to the contents of the discussions. Each block represented a particular theme. The blocks on the Cloud Classroom Platform forums were general discussion block, course discussion block, assignment discussion block, et al. When the students wanted to initiate a new discussion topic he could create a thread corresponding to the topic. In the thread, students could discuss with each other about the topic by posting and commenting on posts. For this research, the online interactive networks were respectively reconstructed from the whole semester which was divided into three six-week periods. The three periods represented the earlier stage, the mid stage and the late stage of the semester.
The participants in the Cloud Classroom course forum included students who learned the course "Object-Oriented Programming". A relation network was constructed among the participants according to the interactive behaviours in the forum. The nodes of network represented the participants while the edges of the network represented the relationships between the participants. The relationship represented the communication between the participants about one topic. A relation network could be constructed by the rule demonstrated above. In order to improve the network density only participants who participated in the activities in the forum more than one time were selected for the research.
B. Quantitative Data Collection and Analysis
For the research, Social Network Analysis technology was used to study the interactive behaviours among the students in the Cloud Classroom course forum. In order to analyze the cooperative relationships between learners, the comments of the learners in the online forum are collected and sorted out for analysis in SNA. The UCINET software, an analytical technology for SNA, was chosen to study learners' cooperative relationships. Two key parameters were chosen to describe the characteristics of the learners' relationships: cohesion and centrality. Three indicators such as "density", "mean distance" and "reciprocity" were calculated according to the data. The density means the degree of connections among individuals in a network. Distance represents the efficiency of information spreading. Reciprocity reflects the tendency of individuals to reciprocate. Centrality means an individual' influence on other individuals in the network. In the directed network, the in-degree centrality represents the number of connections coming in while the out-degree centrality represents the number of connections coming out [11] . The core individual communicates with other individuals frequently. The core individual often is at the center of the social network. The density of a social network can be obtained by calculating the ratio of the amount of existing edges to the amount of all potential edges in the social network [12] . The distance of a social network can be obtained by calculating the average number of connections in the shortest path connected between two individuals [13] . The in-degree and out-degree centrality values can be obtained by the calculating method described in [14] , [15] .
IV. RESULTS
The distribution of different kinds of discussions in the three periods of the semester is showed in Table I . The statistic data in Table I showed that the amount of posts and comments about "General discussion" and "Assignment discussion" increased throughout three periods. Meanwhile, the amount of posts and comments about "Course discussion" decrease considerably.
According to the data collected from the communications among students in the Cloud Classroom course forum, a social relationship network for each period could be generated. In every network, nodes indicated the individual students while edges meant the relationships among the students.
By analyzing the structure and features of the network we could find students were closely linked with each other in the first period. But in the following period the network became loose. Even some students had no connection to others in the second period which meant they didn't communicate with others in the forum. But in the third period the situation was improved significantly. The numbers of students who had no collected with the others decreased and the students linked with each other more closely in the last period.
The distributions of in-degree and out-degree centrality values were suitably normalized and measured according to the method described in [14] , [15] . There were some differences between the communication networks in the three periods in terms of in-degree and out-degree values. Both the out-degree and in-degree centrality values of some core students became larger significantly in the third period. The significant change in the last period represented the core students exchanged more information from others.
The communication network among the students in the Cloud Classroom course forum was a high-density network. The students in the high density network got in touch with most active participants and information could be shared among most participants. The three indicators such as "density", "mean distance" and "reciprocity" in the three periods of the semester were calculated according to method described in [12] , [13] . The results were showed in Table II . The densities of the communication network in the three periods differed. The density of the network in the second period was the minimum while the density of the network in the last period was the maximum. The mean distance of the network in each latter period was smaller than the mean distance of the network in each previous period which means one student could pass fewer nodes to contact another one in the latter period. The reciprocity of the communication network in the second period was the lowest of all.
The communication networks constructed from the interactions among students in the three periods of a semester were all closely connected. The structure and features of the networks represented the majority of students interacted with the others actively. Undoubtedly, the teacher actively organized the communications in the forum as an instructor in order to get better results in teaching. The course entitled Object-Oriented Programming was an optional course for sophomores who majored in digital media technology. The students were familiar with each other. And they were all interested in the course. In the first period of the semester, they posted and received information with each other. In the second period of the semester, they became a little slack. As a result, the out-degree centrality and in-degree centrality of most students decreased slightly compared to the first period. In the last period, the students began to study hard for the exam. The students communicated with each other frequently about the course study. Moreover, they sought help from the teacher for solving the problems. In the whole semester, the core students were the key roles and interacted with each student. So in the second period, the core students should initiate some questions about the details of the course study and give actively feedback to each student to maintain the enthusiasm of students. The teacher also should monitor the communications in the forum regularly and keep the discussion focused. The timely intervention from teacher could improve the teaching effect.
This study investigated the interactive behaviours among students in an online course forum. The results of analysis showed the communication network constructed in the three periods of the semester were closely linked. In different periods, the network presented a bit different characteristics. Some limitations existed in this study. This study did not consider the face-to-face communications among students which may affect their online communications. In the future, we will take into account the non-online communications in order to make results more representative.
